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Correlation of Bone Marrow Aspirate, Biopsies and
Touch Imprint Findings in Pancytopenia
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Abstract

Background: Pancytopenia is the feature of many life threaten-
ing conditions. It is described as the deficiency of all three cellular
elements of blood resulting in anemia, leucopenia and thrombocy-
topenia. It is a common hematological entity that we come across
in routine practice. A comprehensive clinical, hematological and
bone marrow study of patients usually helps in identification of the
underlying cause. However in view of a wide array of etiological
factors pancytopenia continues to be a challenge. Aspiration of the
marrow is an indispensible adjunct to the study of hematopoietic
disorders, if performed correctly. It is simple, safe and can be re-
peated. In case of trephine biopsy the greater value is that it can
provide information about the structure of relatively large pieces
of marrow. At the same time morphological features of individual
cells may be identified by making imprint from the material ob-
tained. Hence the present study was undertaken to evaluate the
accuracy of the three components of marrow examination in the
diagnosis of hematological disorders presenting with pancytopenia.

Methods: A total of 58 patients presenting with pancytopenia on
initial workup requiring bone marrow aspirate and biopsy at MS
Ramaiah medical college and hospital, Bangalore were studied
from October 2009 to September 2011. Smears were made from the
bone marrow aspirate (BMA), stained by Leishmann stain and ex-
amined. Touch imprints of bone marrow biopsy (BMB) were made
and examined before the tissue was put in fixative (10% neutral
buffered formalin) and subsequently processed, embedded in paraf-
fin and sections were prepared and examined.

Results: Fifty eight patients with hematological diagnosis of pan-
cytopenia were studied during the period October 2009 to Septem-
ber 2011. The sex distribution of pancytopenia showed male pre-
ponderance (60%). Most of the patients were in the age group of
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21 - 30 years (25%) and least occurrence was seen in patients more
than seventy years (3.45%). The commonest cause of pancytope-
nia was megaloblastic anemia (39.65%), followed by nutritional
anemia (24.13%) and Aplastic anemia (12.06%). Eleven patients
(18.9%) were diagnosed on bone marrow biopsy. Forty four out of
the total fifty eight cases showed a positive correlation.

Conclusion: The commonest cause of pancytopenia was megalo-
blastic anemia. Clinical history and bone marrow examination is
critical in arriving at the diagnosis. There was a positive correlation
of 75.8% between BMA and BMB. Both the procedures were com-
plimentary to each other and should be performed simultaneously
along with imprint smears for complete bone marrow workup and
evaluation.
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Introduction

Sir William Harvey described blood as “the fountain of life
and the primary seat of the soul. The marrow of our bones
is the seedbed of our blood” [1], careful assessment of the
blood elements is often the first step in assessment of hema-
tological function and diagnosis.

The adult haematopoietic system includes tissues and
organs involved in the proliferation, maturation and destruc-
tion of haematopoietic cells. These organs and tissues in-
clude the bone marrow, thymus, spleen and lymph nodes.
Bone marrow is the site of myeloid, erythroid, and mega-
karyocytic as well as lymphoid cell development [2].

Examination of the marrow is critically important in the
study and management of wide variety of haematological
disorders. The spectrum of disorders primarily or secondari-
ly affecting the bone marrow may manifest with peripheral
pancytopenia [3].

Pancytopenia is the feature of many life threatening
conditions. It is described as the deficiency of all three cel-
lular elements of blood, resulting in anemia, leucopenia and
thrombocytopenia [4].
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Table 1. Clinical Features of Patients Presenting With Pancytopenia

Symptoms No. of cases Percentage
Fever 38 66%
Generalized Weakness 29 50%

Pallor 27 46%

Easy Fatigability 23 40%
Splenomegaly 14 24%
Lymphadenopathy 5 9%
Bleeding 5 9%
Hepatomegaly 4 7%

Skin Rashes 2 3%

The complete hematological workup with good clinical
correlation is of utmost importance to evaluate the cause of
pancytopenia as its treatment is dictated by the nature of un-
derlying disease. Aspiration of the bone marrow is an indis-
pensable adjunct to the study of haematopoietic disorders, if
performed correctly, it is simple, safe and can be repeated.

In case of trephine biopsy the greater value is that it can
provide information about the structure of relatively large
pieces of marrow. At the same time morphological features
of individual cells may be identified by making an imprint
from the material obtained [5].

Objectives

1), to correlate the findings of bone marrow aspirate, bone
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Figure 1. BMA showing Megaloblastic and normoblastic
maturation, (Leishmann stain 100 x).
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marrow biopsy and touch imprints in the diagnosis of pancy-
topenia; 2), to study the various conditions presenting with
pancytopenia requiring bone marrow examination.

Materials and Methods

Patients presenting with pancytopenia on initial work up re-
quiring bone marrow aspirate and bone marrow biopsy at
M.S. Ramaiah Medical College from October 2009 to Sep-
tember 2011 are included in this study. Patients with pancy-
topenia secondary to drugs, chemotherapy and radiotherapy
were excluded from the study.

Criteria for the diagnosis of pancytopenia are hemoglo-
bin less than 10 g/dL, TLC less than 4 x 103/uL and plate-
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Figure 2. BMB showing a hypocellular marrow, (Hematoxylin
and eosin stain 10 x).
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Table 2. Causes of Pancytopenia (n = 58)

Diagnosis No. of cases Percentage
Megaloblastic anemia 23 39.65%
Nutritional anemia 14 24.13%
Aplastic anemia 7 12.06%
Acute Lymphoblastic Leukemia 4 6.8%
Multiple Myeloma 3 51%
Hemophagocytic Syndrome 1 1.7%
Acute Myeloid Leukemia 1 1.7%
Malaria 1 1.7%
Waldenstrom’s Macroglobulinemia 1 1.7%
Hairy cell leukaemia 1 1.7%
Hodgkin lymphoma 1 1.7%
Metastasis 1 1.7%
Total 58 100%

let count less than 1.0 x 103/uL. The peripheral smear was
studied after staining with Leishmann stain. Subsequently a
bone marrow aspiration and biopsy were performed.

The bone marrow aspiration was performed at the pos-
terior superior iliac spine using Klima needle. As bone mar-
row clots faster than peripheral blood, films are made from
the aspirated material at bedside without delay. Remaining
amount is transferred to an EDTA vacutainer. Usually 0.2
- 0.3 mL is sufficient for a morphological diagnosis. It has
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Figure 3. BMA showing neoplastic plasma cells, (Leishmann
stain 40 x).
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been found that more than 0.3 mL increases the peripher-
al blood dilution. After taking the marrow for smears, the
trephine or the biopsy specimen was obtained by Jamshidi
needle.

Before the biopsy specimen was transferred to 10% neu-
tral buffered formalin, touch imprints were made by gently
rolling the bony core across a clean glass slide. This along
with the aspiration smears were stained with Leishmann
stain. Special stains - Periodic acid Schiff stain, Myeloper-
oxidase, Sudan black and Perls’ stains were used wherever
indicated.

Bone marrow aspirate smear

The bone marrow aspirate smear is a preparation designed
to spread the cellular material of the marrow so that Leish-
mann stain can reveal essential cellular details.

The bone marrow aspirate is evaluated for: 1), cel-
lularity of the fragments; 2), erythropoiesis - cellularity,
maturation pattern and any cytological abnormalities; 3),
myelopoiesis - cellularity, maturation pattern and any ab-
normalities; 4), M:E ratio; 5), megakaryopoiesis - number,
morphology, presence of immature forms; 6), lymphocytes;
7), plasma cells; 8), parasites/abnormal cells/Granulomas/
storage cells.

The cellularity was assessed by estimating the percent-
age of hematopoietic cells compared to fat spaces in the
bone marrow. The categories were identified in the follow-
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Table 3. Bone Marrow Cellularity

Cellularity No. of cases Percentage
Hypercellular 30 51.72%
Normocellular 21 36.02%
Hypocellular 7 12.06%
Total 58 100%

ing way: 1), hypercellular: > 75% cells; 2), normocellular:
25-75% cells; 3), hypocellular: < 25% cells, depending
upon the age of the patient.

Bone marrow biopsy

The microscopic examination of trephine biopsy is best for
determining the overall cellularity and presence of infil-
trates. Touch imprint preparations from the biopsy material
are also useful for morphology. Trephine Biopsy Interpreta-
tion - hematoxylin and eosin sections were studied as fol-
lows: adequacy of the biopsy - the ideal specimen should be
1 - 2 cm in length, should not be distorted and should have
at least 5 well preserved intertrabecular marrow spaces for
interpretation.

Results

Fifty eight patients with a hematological diagnosis of pancy-
topenia were studied during the period October 2009 to Sep-
tember 2011, in the Department of Pathology, M.S Ramaiah
Medical College and Hospital, Bangalore.

The following data was recorded and analyzed.

The sex distribution of pancytopenia showed a male
preponderance (60%). The male to female ratio was 3:2.

Figure 4. BMB showing metastatic adenocarcinoma, (He-
matoxylin and eosin stain 40 x)
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Most of the patients were in the age group of 21 - 30 years
(25%) and least occurrence was seen in patients > 70 years
(3.45%). Fever (66%) was the commonest clinical feature in
pancytopenic patients. The other findings were generalized
weakness (50%), pallor (46%) and easy fatigability (40%).
Less common were bleeding, hepatomegaly and skin rashes
(Table 1). The hemoglobin percentage varied from 3 g/dL
to 10 g/dL. Majority (48%) of the patients had hemoglobin
ranging from 7.1 to 10 g/dL. 47% of the patients had hemo-
globin values between 4.1 and 7 g/dL. The total leucocyte
count was in the range of 0.77 - 3.9 x 10*/pL. Most (55%) of
the patients had values in the range of 2.5 - 4.0 x 10%/uL, 3%
of the patients had values less than 1.0 x 10*/uL. Most (78%)
patients had platelet counts in the range of 50 - 100 x 10%/pL.

The commonest cause of pancytopenia was megalo-
blastic anemia (39.65%) (Fig. 1), followed by nutritional
anemia (24.13%) and aplastic anemia (12.06%). The less
common conditions were ALL (6.8%) and MM (5.1%). Of
the 58 cases of pancytopenia, 46 (79%) were non neoplastic
and 12 (21%) were neoplastic conditions. Of the 12 cases
of neoplastic conditions, acute lymphoblastic (ALL) was the
commonest cause (33.33%), followed by multiple myeloma
(25%) (Fig. 2). The other causes were acute myeloid leuke-
mia (AML), Waldenstrom’s Macroglobulinemia, hairy cell
leukemia (HCL), Hodgkin lymphoma (HL) and metastasis
(Table 2) (Fig. 3).

Of the 58 patients of pancytopenia, 30 (51.72%) cases
had a hypercellular marrow, 21 (36.02%) a normocellu-
lar marrow. The remaining seven had hypocellular marrow
(Table 3) (Fig. 4). Only one patient of hemophagocytic syn-
drome (HPS) was diagnosed on BMA as the biopsy was in-
adequate, 46 out of the total 58 cases (75.8%) showed a posi-
tive correlation (P value < 0.05). There were 2 cases (3.4%)
where a definitive opinion could not be given on either BMA
or BMB (Table 4).

Discussion
In the present study, megaloblastic anemia (39.5%) was the

commonest cause of pancytopenia, followed by nutritional
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Table 4. Positive Correlation Between Bone Marrow Aspiration and Bone Marrow Biopsy

Diagnosis No. of cases Percentage
Megaloblastic anemia 23 50%
Nutritional anemia 11 23.9%
Aplastic anemia 6 13.04%
Malaria 1 2.17%
AML 1 2.17%

MM 3 6.5 %
Waldenstrom’s Macroglobulinemia 1 2.17%
Total 44 100%

anemia (24.1%), aplastic anemia (12.06%), malignant dis-
cases (18.9%), and others (5.4%). Others included uncom-
mon causes like malaria and hemophagocytic syndrome.

Tilak V, Jain R (1998) found megaloblastic anemia
(68%) to be the commonest cause of pancytopenia followed
by aplastic anaemia (7.7%) [6]. Kumar et al (1999) found
hypoplastic anemia (29.5%) to be the commonest cause fol-
lowed by megaloblastic anemia [7].

Khodke et al (2000) observed megaloblastic anemia
(44%), followed by hypoplastic anemia (14%) as the com-
mon causes of pancytopenia [3]. Mobina Ahsan Sodhy
(2005) found megaloblastic anemia (35.9%) followed by
hypersplenism (16.3%) as the common causes. Jha A et al
[8] (2008) found hypoplastic bone marrow (29%) followed
by megaloblastic anemia (23.64%) as the common cause.
The commonest cause of pancytopenia, reported from vari-
ous studies throughout the world has been aplastic anemia,
which is in sharp contrast to results in the present study; here
the commonest cause was megaloblastic anemia. This seems
to reflect the higher prevalence of nutritional anemia in In-
dian subjects.

The commonest clinical feature was that of fever (66%),
followed by generalized weakness (50%). Anemia leads to
fatigue, whereas neutropenia to increased susceptibility to
infections which cause fever. The findings in this study were
similar to those found by Shano Naseem et al where fever
(51.8%) was the commonest clinical feature. Pancytopenia
is more common in males. The male: female ratio in this
study was 3:2, which is similar to a study by Shano Naseem
et al (2010) where also the male:female ratio was found to
be 3.2:1 [9].

The non neoplastic conditions like megaloblastic ane-
mia, nutritional anemia and aplastic anemias were more
common than the neoplastic conditions like acute leukemia,
which is consistent with other studies.
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The hematological parameters were usually nonspecific
in many cases and showed considerable overlap. In all these
cases a peripheral blood film was of paramount importance
in pointing towards a diagnosis of megaloblastic anemia or
leukemia. Bone marrow aspiration and bone marrow biopsy
are important diagnostic tools in the diagnosis of various
hematological disorders, including pancytopenia. It is well
known that both the procedures are complimentary to each
other. Pampa Ch Toi et al (2010) found a positive correlation
in 61.25% of cases when simultaneous BMA and BMB were
performed. They found that the highest correlation was seen
with reactive marrow and erythroid hyperplasia [10].

There was 75.8% positive correlation between BMA
and BMB in the present study. The highest correlation was
seen in cases of megaloblastic anemia and with erythroid
hyperplasia. The erythroid series were showing either nor-
moblastic and/or micronormoblastic maturation. On further
evaluation these cases were found to be iron deficiency or
megaloblastic anemia and were finally categorized as nutri-
tional anemia.

Usually only a BMA is performed in cases of megalo-
blastic anemia, but as these cases presented with pancyto-
penia both the procedures were performed simultaneously.
Many studies done previously showed that BMB was a bet-
ter procedure for metastatic tumor [10]. There was single
case of metastasis in the present study which was diagnosed
on BMB.

Other cases which were diagnosed on BMB included
acute lymphoblastic leukemia, hairy cell leukemia and
Hodgkin lymphoma. In these cases there was a reactive mar-
row or the aspirate was diluted. These findings are consistent
with those of Moid et al where they reported 95% of diagno-
sis of Hodgkin lymphoma by BMB alone [11]. Ramon An-
drade Bezerra deMello et al reported a rare case of a patient
that first presented with fever and pancytopenia due to hemo-
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phagocytosis associated with Hodgkin lymphoma (HL) [12].

In the present study seven cases had imprint smears.
Rarely, the touch imprints of biopsy cores were necessary
to establish a diagnosis. Touch preparations yield more cer-
tain identification of individual cells than do biopsy sections
and are less likely than marrow smears to disrupt syncytial
masses or compact clusters of cells [1]. It is felt that ideally
an imprint smear should be obtained for the correct morphol-
ogy of cells, especially if the aspirate is not good.

Conclusion

Pancytopenia is a common hematological entity that we
come across in routine practice. There are numerous causes
of pancytopenia which include both non neoplastic and neo-
plastic conditions. Clinical findings and peripheral smear
findings provide valuable information in the workup of pa-
tients presenting with pancytopenia and also in planning for
further investigations.

Bone marrow examination which includes BMA and
BMB is an essential pre requisite for its diagnosis. Though
the advantage of each procedure differs, both the procedures
are complimentary to each other and should be performed
simultaneously along with an imprint smear for a complete
bone marrow workup and evaluation.

Megaloblastic anemia was the commonest cause of pan-
cytopenia in the present study. Most other studies have re-
ported aplastic anemia as the commonest cause. This seems
to reflect higher prevalence of nutritional anemia in the Indi-
an subjects. Rare causes like malaria should be kept in mind
while making a diagnosis.
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